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Abstr a ct
Infor m ation regarding the chara cteristic s a nd spatialdistributior) of Earth
'
s la nd c o v eris chticalto
global eLIViro r) m entreSe arch･ ÅV H R R･data havebeeJlin cre aslngly u sed inland- c ov er chara cteri2:atio nfor
large ar ea･ Altho ughtherehav ebe engr eat Pr ogres sesin impr o vIT)B the r esult of classificatio n with
ge ographical kr)owledge, ho w to m ake the best ofgeo-spatial data r e mains a n openqu estio n. As the
distributio n of la nd- c o vertypesis the co mbin atio n ofrr) anygeo-fa ctors s udl aS terrain, Soil, clim ate a nd
wind,the c o mprehen siv ein丑u e n ce ofthes efactors sho uldbe takeninto ac co u nt whe n e mploying ar)Ci】1ary
ge o
-spatial dataforbetter r cstJlt ofchara cterizatioJl. h this study, effo rt w as m adeto dev elop a nin n o v ativ e
strateg yforla nd-c o v e r classific atio n ofChin a･ By u slrlgge O-SPatial data s u ch as elev atio n, prec IPltatioJl
aT]dte mperatur e, a geo- e n vir o nrrle ntim age w asge n erated as aba ndto c o mposite with re m otely s en s ed
datafo r s uper vis ed clas sific atioT]･ A sarT]Ple ar ea- Northe astChin a w as us edto te st the fe asibility ofthis
m ethod.
Keyw o rds;N OA A-A V E utR, ge o･spalb l data, Ge o･ e n viro JL m e btim age,
Stlpe r Vis ed clasiEic atiotL
I. IJ)trOdu ctio n a nd obje ctiv es:
W iththe gro wing co n ce m abo utglobalchange, r egio naltoglobal la nd- c o v e r m apphlg申sbec o me
allin cr e aslngly I mporta ntdata s o ur ceh a v ariety of studies s u ch asland- use cha nge, biog甲dle mic al
cycle m odeli71g , a ndclim ate m odeling .
Co mpared with T M, SPOT im agery･ NatioJla1 0cearlic aTtdAtm ospheric A dministr atio n( N O A A)
A dv an ced Very HighRe solutio nRadio m ctel( A V H R R滋m ageryhasbe c oTTleapOPll包ralter7)aliveforlaJld
m appingfo rlarge are a, be c at･s eitis relativ elタiJleXpenSive, hashigh te mporalfr eqt]er)cy for a v oiding
clotld co v er･ a nd has m oderatedata v olu m efor c olle cting, sto rlrlg aJldprocessing. As A V E R R
" Gr eer)ess
data
〃
s u ch asN D VIare u seful fo rdepictizlg CharLge in v egetativ e a ctivity o v ertim eI w e c a nperforTT'
land-c o v e r classificatioll a ndchara cteriz atio nwith A V m R data based oJl aSSOCiatio∫1Sbetw e e nla7)d-c o v e r
types a ndv ariatio nsin periodic obs erva n c e ofBTeeJl eSS.
Altho ughduringthelastdecade I stJbsta ntialpr ogresshasbe e n m ade intJSirlgA VHR R datafo rland-
c o v e r char acterizatio n s･ the r es ult of clas sific atioJlis yet tobefurtherirDPrO V ed. Thelow a curacy o n
o n eha nd is du etothe c o arse spatialres olutioTl ar)dc oJIStrain edspectralres olt]tio n ; o nthe otherbar)ditis
als obec a us e so rr)edisparatela ndl 氾 V ertyPeSLShar e spe ctralrefle cta n c e chara cteristics o ntheirn age･ W he n
w eperfor mingla nd-c o v er classific atio n, problerr)s e xist in dis cri mi71ating betw eenla nd-c o v e rtypes
e xhibiting slmi 1arphe n ologies･ St)ch la Dd- c o v erty pes ofte nha v e similar spectralslgn atu re O ntheim ageI
which m akeitdifrlClltfor c o mputerto disc riLTlin ate difFerer)I types onlybas ed o rl C Olorim etry,lu rmian c e
aJldthe statisticinfo rm atio nre c orded o ntheim age.
Re m ote s er)slng Speci alists ha v elo ng re c ogr)iz edthe impo rta n ce ofge o-spatialdata forlaTld- c o v e r
chara cteriz atio n･ Signific aT]t adv aTIC eShav ebe er) m ade in dev eloplngtechniqu es a nd str ategleSfo r uslng
ge o-spati al data as an cillaryinfo r m atio ntoimprovethe r es ult ofthe land-c o v e r classific atio n･ Pettir)ger
( 1982 hs ed agrict]1tural･ upland,lo wlaTld eTIViro nrn erltalstrata a ndde cisio n rulesbas ed o nfieldr es e arch
to adjust alaJldsat M S S la nd- c o v e r c】assific atio nin Idaho･ He sho w edthat the str atificatio nimpro v ed both
thedetajla ndthe a cc ura cyofthe m ap. Cbula and Nyquis瓜 19 87llSedterraindata arLd clim atological data
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( pre cipitatio n and clim ate regim es)in a LarLdsat Mss classific ation of Olympic Natio n al Park I
washington I r e sultingin allin cre as edland-c o v er classesfrom 9to 21as w ellas a力 O V eral1ac c ura cy of
91･7 perc e nt.
Asgeogr aphicinforTn atio n syste m( GIS)tech･101og yhasdev eloped･ a ndi,ltegrated GIS
-Im age a nalysis
softw ar ehasbec o m e m or e c o m m o nI oppo rtu nitiesfor u singge O-Spati al data andrem otelys e ns ed datain
c o n c erthav e e xpa nded. In n ovatio n sin data a血1ysis based o T - Xpert Syste m s and r elated techniqu es
fa cilitateimple m entation of c o mple x m ulti一S O u r C edata an alysis strategies･ Jesslyn ･F･ (1 994), with the
s叩PO rt Ofre m ote s en s】ng and GIS, perforTn edla nd c o v er classific atio nfo rthe c o Dtermin o usU･S-
r
rhe n
she u s ed a n cillarydata in cluding digitalelev atio nI te mper atu re･ pre cipitatio n andfro st-fr ee-period ir'
po st- clas sificatio n refin eTT,e 71t･ a ndgotgo od res ult
Altho ughprogress eshav ebee n m adein e mploylng ge ographickn o wledgefo rla nd
-c o v e r chara cterizatio n･
ho wto m akethebestofge o･ spathl data re main s aJ mPe nqu eStio n･ W hatsho uld be keptin mind isthat the
distdbtJtio n of la nd-c o v e rtypesI e spe cially v egetatio ntypesI is limited notby a single fa cto rI but the
co mbin atio n of m any e n vir o n m e ntalfa cto rsI Bo wto cho os ethe m o stinflu e ntialge o
-spatial data a ndthe n
to e xhibit their c o mprehe nsiv e inflt)e n ce on land- c o v e rdistri btltion is hT)POrta nt fo r the fu rther
impr o v e m e ntoflar)d-cov e r chara cteri2:atio n.
h this rese arch , a nin n o v ativ e strateg yis dev elopedforland- c o v e r char acteriz atio nforPe op)e
'
s Republic
ofC hin a, geo-spati al data, in clt'ding te mperature, precIPitatior) ar)d ele v atioJI W as us ed a s aba']d to
corpo rate with re m ote s e nsingdata･ T he obje ctiv e ofthis paperis to pres e nt this te chniqtl e･ An e x a mple
are a, NortheastChin a, w a s u s edtotestthefe asibility ofthis appr o ach･
2. Method
Any obje ct oJlthe earthst'rfa c eis clo sely c o 且n e cted withits envir o n m e nt･ T he v aria n c e o n e arth su rfac eI
espe cially the I)atu ral a ndphysic al character:stjcs ofthe e arth s u rfac eI is the mainlimitatior[forthe
distributio n ofdiffer entla nd- c o v e rtypes･ In■rn any cas es, la nd- cov e rtype s which hav e si mi lar spe ctr al
stru cttlr e O nthe im age I often exhibit v且ria n c eintheir en viro n m e nt･ T hisis whygeo
-spatial data ar e
requir ed forbetter ac c ura cyofclassific atio n･
In th is res e ar ch I w etry to adds o m e e n vir onrner)talir)for m atio ninto the im age a ndthusto impr o v ethe
dis criminability of thcirTlage･ The e n vir o n m erltal i71for m atio nhe rerefers to tho seleo
-spatial data that are
w ell- aSs o ciatedwiththedistributio n ofv egetatio n･ Asprevious studies stlg geSt that terrain I m oistur e and
te mper aturehav egreatinfltJe n Ce O nthe distributio n ofv egetatio nin C h ina I w e cho s ethesethre efa cto rs
as an cillary data ill O u rla nd-c o v e r chara cteriz atio11･ On the basis of c o mpr ehe nsiv e a n alyzing their
c o ntributioJltO V egetatio n allo c atio nir)different are asI a ge ographicale n vir o n m ental im ageis m ade as a
(Lband' 1to c o mposite with re m ote s eJISlng data･ T he im age w e ultirr)ately fo r classific ation is a n
c ornpr eher)siv eim age c oTltainiT)gbothspectralandgeographic ale n vjro n m entifo m latio n･
2.1Pr o ccs siAgnow
The strategyde v elopedto chara cteri2･ela nd- c o v e rty pes e mployedbothgeo
ISPatialaTld A V H R R datais
in a str u ctured m anJle r( Figur e1.)
2.ユRegjo n A)i2:atio n
Lh nd- c o v er m ap plng forl喝 e are ahas uT)lqu e a nalysis pr oble m :Cor)tin entalareatypic ally e xhibit
gre ater v ariatio nin clim ate, terrain, v egetatio n, s oiltha nthey are er)c otlntered in a n alysts Of s mallarea･
Su chproble m callbedealt with intw o w ays:first,the sttldy are a c o uld betr eated as a slngle o n e, This
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Flgu rel･ Pro c essingn o w
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w o ulds erv eto avoidthe post
- classificatio n m o saiclng a nd hterreg10 n a】 class c orrelatio npr oble ms, but
c an n otlirnit the e nvirorlrn e7)tatdiv ersity. An alter n ativ e s olutior)is to partitio nthe ar e ainto sT71aler
regio n s. G iv enthegr eate n viroTl m entalv aria n c e of C hin a,thelatter appro a ch w as usedin this rese arch.
Fig.2 Natt) P alz o n ation oE C hin a
l. No rthe a st Ar e a 2. In n e rMo ngol ia Ar e a3. fEu abei Ar e a
4.Jlu azho ng Ar ea 5. So uth Ar e a6. No rthw e st Ar e a
7, So utbv e st Ar e a
Facingto thepacific o ce a n, Char)aislo cated inthe east of Europe- Asia c o ntin ent andhas w orld
'
slargest
p)ate a u
- TibetPlatea uinits s o uthw e stPart. T he difFereTICe Of he ating po w erbetw e e n o c ea n a nd l d
leads to the u nlqu e m an sio n cliTn ate Which c o ntribute stothe regular cha71gein s oil､ v egetatio n withinthe
c o untry･ it co v erstropICal2:O n eI S ubtr oplCalz oT)eI W a r mternPerate Z O r)e a ndte mperate zonefro m so uthto
TIO rth and humid plain p一ate a u, s emiー a rid hillyland arld arid des ert frorr) e a st to w est･ Vegetatio n
distribt]tio n seem s m or e c o mp】ic ated･ To一imit thes egre atdiv ersities,thefiststep ofo u r workis to divide
C hin ainto se v e n stlb- a r e a a c c o rdingto clim ate ､ s oi). terr ain a nd v egetatio n chara cteristicsinChin a. T here
aretw o adv antagesbydoing soi 1, itc orltribロteStO Suitable A V H R R im age s electior m c c ordingto the
phe n o]ogy of difFere nt are a ;2 ･ it s erv es to better aD alysis of ge o-spatial data and thus m ake a
co mprehe nsiv e.
〟
ge o- e rr vir o nrr)甲t
''
ba nd w ellrefle ctingthe a ctu ale n viro n m e ntofea ch are a･
2 3Re m ote s e h St bgI m age pr O Ce SSl ng a nd optimi2Latio n
2.3･15e)ecdo n ofstd b blejt nages
P he n olog ylSindispe ns ablefo rim ageirlterPr etatior)be c a us eit c a nhe一p to s ele ct allim age o 爪 Which
disparate v egetatio ntype s c o uldbe relativ ely e asyto dis cri min ate. T hereis gre atphe n ologic al v aria n c ein
Ch ina du eto its differe nt clim ate z o n es; thusitis n ec ess ary to sele ct s uitable te mpor al im age before
classific atio1', As single-dataim age is ofte nin adequ ate fo rland-c ov e rtype chara cteriz atio nI m ulti-date
c o nlPOSiteim ages ar e requir ed.
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2.3.2 Calctdalibg N D V I
Vegetatio nindices are c o m m only c alculatedto depictingthe gr o wth, c o v e r age arld bio m ass･ofv egetatio n
or) earths u rfa ce. MaT]yVegetatio nindicesha v ebe e ndev elopedfor re m otelyVegetatioTl m Ohito n ngI o rl e Of
whichis Norr nalized Differe n c eV getatior)Inde丈 N DVl)Deriv ed from the refle ctan c e valu es ofN I Rand
visiblebandI N D V Iwi dely u s ed in studies o n s oilm oistu re･ c r opgr o wth TT)OJlitorl.rlg and v egetatio n
clasific atio n.
Itisthedefere n ce ofnear-hlfrared( N IR) andvisible( V IS)re包ecta n c6 V alu es n orrna】iz ed ov erthe
s u m ofthose valu es , a sforA V H RR ･ sim ply:
N D WL=
ch2 - Chl
ch2 ＋ Chl
W here ch2isthe n e ar
-i)frar ed bar)da ndchlisthe visiblebar)d･
As a u seful vegetatio n dyma7T)ic ir)dic ator ･ Nl) V Irefle cts pla nts
'
intrinsic biophysichemic al
chara cteristic s uch asbio m ass, c o v e r age alld c o nte nt of chlorophyll. The definitio n ofN D V Ias a ratio
helps to s uppres sthe differe ntial s olarillu min atio n effectdu eto s urfac etopography a nd aspectI a rld
sim ulta n eou sly e mphasiz ethe us efulv egetatioJlinforrn atio n･ M a nyres e ar cheshav e sho w edthatN VDIcarl
w ellc aptu rethe dyn amic char)ge of v egetatiorl. Cow ard et al･(1985)used N D Ⅵ im ages fro m April
thro ughNo v ernber1982 to m ap r egio n sof n et prim ary pr odu ctivhy･ They sho w that s eas o nalND VI
pattern s c o uldbe ass o ciated with m ajorla nd- c ov er reg10 rlS, andthat m tJltiJate gre e n essim ages co uldbe
us edto obs erv epatte m s ofv egetatiorlgr o wth aJld se n e sc e n c e･ In later w ork, he c o mparedthe vegetatio n
char acteristic s of No rth and Sol}th AJT)eric a nbio m esby analyzing G VIdata uslng m ethods de v eloped ill
Gow ard
'
s 1 985res e arch. They fo u nd that the differential tim ing a nd lo ngerdu ratio n ofthe So uth
Aneric aTlgr O W lng S e aso nW as W ellc aptured. Bio me distributio ns appeared, qu alitativ ely, w e)1aso ciated
withpublishedrTlaPS･
In this re s¢arch, N D V Iis calculated for rnu)tトte mpor al im ages of each s ub- a r e at.
O repre s ent
temporala ctivitiesof Vegetatio r)I
2･3 3 0p暮ini2:atio tL Of N O A んJiVE R R data
N O A A- Vt7 R Rhasfive bands fro m redto ther7T)al bands. To improv e visualeffe ct, w e often use
colored orfals e c o] redim agein data pr ocesslng: Choosethr eebarlds o r cha n n elsfr oT7) m uユti-ba nddata as
red, gre en andblu e chan n el afterdata pro c esslng･ h th is study, w einte nded to integrate te mperature,
pre ciptatio n a nd elevatio ndata as or) ebarld, NDV I M VCirr)age asthe sec oJld baTld:Therefo re, w e c o tld
o nly ernploy o n eba nd fr o m N O A ん A V H R Rfo rfals e- c olo redim age pro c essir)g･ Be ca u seprlr]Cipal
co mpo n ents a n alysis(PCA)c a nbe us edto sirnplify.data pro c essing a nd c o mpres satellite m ulti-spe ctral
im agery(Richard, 1 98 6), a nd o71e Ofthe m ostimpo rta nt res ults of P C A isits ability to cha nge pix el
definitio nfro mM cha n n els ets of n u mber(co u nts)to K･prin cipaトc o mp6n ent(PC)s ets(K<M) witho ut
rerTlarkbleloss of(rdativ e)infor m atio n, w e u s eprincipalco mpo n e nts a n alysis(PCA)to c o mpre s multi-
spectralN O A A- ÅV H R R data.
At theim age ar)alysIS Syste m, prl n Clpalc o mpoTle nt a n alysIS OfNOA A-A V H R Rdata a cquired du ring
Jtln e19 95 in te st site w aspe rfo r m ed after digitally c o-r eglSterlng arld m e rglng･ e lge n V alu es ar)d
e】geJIV e CtOrS W ere S ubs equ e ntly co rrlPuted. For c o nv enien c e, c o mpariso n ofthe info r matioTICOrltelltiTl
e achprin cipalc o mpoTle nt(P C)have bee ntitled irl aSC endirLg Order(tablel)I
A clos elo ok at tablet reve als that thefirstprirLCipal c o mpo n e nt(P C# 1)ac c o u ntfor8418 perc ent of
thetotalsc e n e v aria n c e. In other w o rd
,
P C# 1co ntain ed 84.8per ce ntinfo m atio n ofN O A A- V H R R data.
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Tahlo1I E]gerlV alu es a nd efge n v e cbrs of F)rln cipa=⊃o mpor[e nt An alysis
P C # 1 PC# 2 PC#3 P C #4 P C #5
ba nds
1 0.44 8 -0.472 0.498 10.1 86 0.543
2 0 3 69 10.223 0.246 0.728 0.473
3 0.320 0.260 -0.5 08 0.473 0.590
4 0.727 0.091 0345 -0.460 -0.363
5 0.170 0.8 08 0.561 10,090 0.037
Eigen v allleS 2880.2 297.2 151.3 62.4 32.1
'
bfor m atio n
c apa city 84.8% .8% 3.7% 1.8% 0.9%
b fo r m atjoI】
a cc u m lllatl O n 84.8 % 93.6% 97 3% 99.1% 1 00%
Tablc2. Co m htioll n) 3trix h m Jiy e h nds of N OA A- A Ⅷ R R
1 2 3 4 5
1 1
.00
2 0.7 3 1
.00
3 0.4 2 0.75 1.00
4 0.7 1 0.89 0.82 1.00
5 0.75 0.90 0.81 0.95 1.00
T herefore
,
P C #1 has r epres ented the m ain infor m atio n ofthe fiv eba主.ds of N O A A- V H R Randthe
htlmidity aTldtherTTlal distributio n of the gro u nd･ It･ca nbe us ed a 5 a repres e ntativ ebandfo r v egetatio n
interpr etatio n aJld w e c an 口S eitto c o-r eglSterwithdigital inlage Ofgeogr aphicdata and ND V I data.
21 4ge o･spatid dab pr o ccsslng aJ)Agel” n Yir otl m et)Iim agege n e ratiotL
2･4･1Ge n e ratjng ge ogr aphic djgjblim agerr o nge o･sptial data
Avcr age TT)O']thly pr ecIPitatioLl a nd m o nthly nle an te mperature ha v e be e n c olle cted fr o m
m ete o rolgicalstatio 耶 al)o v erthe c o u Dtry･ At the s a m etim e, elev atio ndata w eredigitiz ed fr o mtopolog y
m ap at a s c ale of1to 1 millio n･ The pro c essing Of digital im age withle o-spatial datais perfor m ed in
A RCnN F Osyste m. For e achge o-spatialdataI w e a cquired is ogra mfro m s eparatedpointed value withgrid
cellofl kn1
･
Which is s uitablefo r co-r egiste n ng with A V甘R R im age ;the n, pro c esstheisogra mby
interpolatio n a nddigitalqu adfying･ A ftertra nsferthe v ecto rdata to Tasterim age, w e c a nget thre e
ge ogr aphical digital im agesforterrai岬(x,y)), pre cipitatio n(A(x,y))andte mper atu re(T(x,y), aspr es ented
infigtlr e3,4,5respectiv ely.
2･412 digtalge o-spatial data Weighthg a ndge o-e n vir o n m eT)Iim age ge n e ratio n
T hegeo -spatialdata m entio n ed abo v eare u sedtogen erate a
〟
geo- e n vir o n m ent
”
im ageto co mpo site
as aba nd withN D Ⅵand PC#1 data･ To get thisim age I m ethod of w eighted-s u m m mg w as utiliz ed. Mo re
spe cifies･ aftergiving w eightsto ge o-spatialdataby an alyzl ngtheiri瓜 1e n Ce O n V egetatio ndistributio n,
e a ch im age will be addedtogetherbytheir w eights.
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F ig, 3 Ge o Tr)OphologyofCh ha Fig.4 Moisttlre Z OLl e Of C hiTl a
Fig.5 Te mperatu r e z oTle Of C hir)a
As we krLOW ' the distributio n of Vegetatio n r es ults fro mthe co mbin atioT] Of m a7)y facto rs, the
co mprehe nsiv eiDflu er)c e ofthes efa ctors sll O uldbe giv eJlfu llc oTISideratio nir) an alysIS Ofge o-spatial data･
Fa ctor w eighting JSregarded as a c ru cialstep lnthis res e arch･ Althot)ghterr)per ature, pr eczpitatio n a nd
e]ev atio ncor)strictthe distributio n ofv egetatio nI their c or)tib1ユtio n stothe c ot)Srjctiorl are n ot the s arr)e.
The pu rpo se of w eighting lStO e xhibit the differerltin血 er)ce ofe a ch fa cto r(lnthis study, the m or ethe
fa cto rhasthein匂u e n c e o nland-c ove rdistribution ' thehigher w eightitwiuha v e).Rea sor)ably w eighting
m ea n sbetter r ef一e ctio nthe a ctu al ge ogr aphic alba ckgr o uTld by the and thusle ads to better r esult of
classific atio n.
Be c au s e ofthe er)viro n m e ntal div ersityin Chin a, w eighting TTruStbe ba sed o nthe partic ularity of
difFer er)I areas. Drivingfactor(thege o-spe ctraトfactor whichhasthe highest w eigh)c a nva ryby a re asI
For ex arr)plc, ir)InT)erM o ngolia Are a, the v egetatio ndistributior)is c ot)sr ai71eddornin ar)tlybyrainfall,
a nd w e c ar)glV e ahighw eight to Pre cipitatio nto e mphasisits importan c ehl this are a; whilein so uth
C hin a are a which hasple ntyrainfal, preciptatio nis n otthelirrlitatio n ofp一antgro wth･ h other w ords,it
sho uld ha v e a relativelylow weight.
There are m any m athe m atic al pr oc e ss es s u ch asAr)alytical Hierarchy Pro c ess(A H P)a nd Seqt]e n c e
Synthetic ally Pro ce ssfo rfa cto r w eightir)g ln reglOrlalr eso urc es e v altlatio n･ ln this study, w e ernp】oyed
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A 肝 forfa cto r weighting ofte mperatu re, pre cIPitatio n a nd ele v atio n･ A H P is an effe ctiv epr o ce ssfor
ql}a ntitativ elya n aly2･1 ng uJl-qu a ntitiv efactors･ In A H P, w efTlrStlyc o mputetherr)a xim u m elge n V alu e a nd its
c orr espo ndiTlg elger”e CtOrfro m as ses slng m atrix of ev altlatingfactors a nd the nget the w eightsfo r e ach
fa ctorby n e ar)s ofzlO r mali2:1ngthe rn axim u u) elge n V e CtOr･ The follow l nglistthe pr elimin ary pro c edu re of
A H P:
1)I To c ot)Sru CtaS SeSSing7T)atrix
G iv e nthe assessingobje ctiveisA a nda sses singfa ct.,s
-
a,e F -if”f” - ,fn),
T he nthe ass ess ulg m atrix P ca nbe seta s:
W hereJ;,.isthe v aluethat ac co u nts forthe relativ e I mportan c e OfJ:･ c o mpared withf], the m e a ning ofthe
valu elisted intable 3.
m e a n l ng:
v alu e off; m e a nln
J
3
5
7
9
2, 4 , 6, 8
I)andFjpos ses sedthps a m eimportar)cefo r obje ctiv eA ･
J;is alittle 一口o TeirrIPO rta nt tha nifor obje ctiv eA･
I;is obvio u sly m
.
o r eimporta nttha nfjfo r obje ctiv eA
I;is m u ch m or e lrnpO rta ntthanカfo r objectiv eA
I;is extrern ely m oreimpo rtant thani. for obje ctiveA
the m eap valu ebetw ee n1 a nd 3, 3 ar)d5,5a nd7,7a nd
9r es e ctiv el
2.5 C hssirlC &tio n
For ac cu rateirltegr atior) ofre m ote s en sIT)glTr)age ar)dge o-spatial data,the strictr egistr atio n ofrn ulti-
s o tJr C edata ofdjffereTltrn eaStlr e m e nts calesisimportantIr)this e xperim e nt, a pr oJeCtio ntran sforTTlatio nis
appliedto the c o mposite ge o
-spatial data a nd rern otely s en s ed data, a nd w e t[sethe s a m eI』 ngitude a nd
htitudc refer en c efra m efor registratio n･ T he n us ethe registeredge o- e nvir o n m e ntba nd withN D VI im age
andthefirstP rin cipalColt)pO n er)tOfAV tI R R datato pr odu c ethe c o mpo siteim age(figu re6)I
N I) VI
PC#1
Ge o-spatial data
良
Im age
figu re6･ Rerr10teSe n SlngaTldgeo
-spatial dataintegration
T he c o mpositeim age, c o ntainir)gboththe spe ctralar)d thege ographic in for m atio n, is a nintegrated
re8ectio n of physic al e ntity･ As w e u sed s uper vis ed clustering algo rithm ar)d m a xim u mlike】iho od
classific atio nto char acterizethela nd- cov e rty pes･ Gro u nd sa nlP e s andpublished m aps irltest are ahave
beeJl r eferredto select traizllng SPOtir)theim age.
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3. Ca se sttJdy･ [a nd- c o y e r cla ssirICatio D OfNo rthe a ste rz[Chilla
3.IDes criptio n ofsltldy a re a
No rthe astern Chirla,the typ)c atv egetatio ntypes of which are)arch, bro ad-leaf forest and m e ado w,
c overs Arctic-te mperate, Temperate- m oistandSerrli-rr) oistare a･ Ac c ordir)gto bio-r eg)o n s,this reglO nCanbe
dividedhtothre e s ub-a r e a s≡ l)a w l)1i
,
Cha ngbaia nd Mo r)golia, c o r r espo ndingto s uch la nd-c o v e rtypes as
c or)ifer, c or)ifer-bro adle af mix ed forest arldprairie respe ctiv eJy･ ID this ar e a, winteris cold and lo nglasting
i7]Northea ste m C hiTla While s u m m erjs te mperate but rather sho rt. The a v eragefro sトfr eeperiodis abo ut
lOO1 50days･ Ofthe wholeyear, there are180-1 90 days(fr o m e arlyAprilto October)withthe m e andaily
te mperatur e(M D T)abo v e5 azld 120-170days o n which M D T is abo v el O･ Greaterthafl e V aPOr atioTlin the
n ot)Tltain ar ea while alittle)o w e rtha山 e v aporatiorLin the plain, theprecIPitatio n ofthis ar eais m oderate
and decr eas esfro m southeastto n o rthw est
,
fro mplain to m o u ntain, withthe lea strairlfdlzT) OStlyin the
winter JT)O nth JaTlu ary ar)d the m ost in July orAt]gust･ A bo Llt Sixtyperc ent oftotal ye arpre cJPitatio n
c orLC e ntr ateShlJu n eto Septe mber･ A ffected bythe So uthe ast M on soo n, pre cipitatio nvariatior)s ar e e vid Tlt
aT710 ng years With a v er age v ariatio n alrate of15- 20per ce nt.
3.2 Data c olle ctio n
Thefollo wingdata ar e c oIZected
1
.
1. ÅV H R Rdata
Highte mporalden slty 1km N OAん A V H R R im ages of Jt)JIB1995 are usedin this e xperim e nt. A fter
geo m etric c orrectio n, clo ud-fre epr o c esslr)g, Pro)eCti071tran Sfor7T)atioTl, W eha v ethe N O A A･ V R R Rim age
of Northe aste m C hin a(figure6)･
N O ▲▲l 叩 O Y ■ r7l● ■t血●■■■亡l山l 一
ぷ
Fig.6N O A ^_ A V H R R Im age Of NortheastC hin a
2. Terraindata
E)evatio ndata re c ordedbyNatio n al Obs erv ato ries,
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3. Clim atedata
Mo nthly m e a npre cIPitatio n re c orded by3 61 NatiofIal Mete orolgic a1 0 bserv atories･
4
. Others
Naturalz orlatior) m aps, administr ativ ebo u ndary m aps, v egetatio n m aps,I･a nd- u s e m aps, etc .
3 3 Ren )oteSc n sillgdata pro c esslng
T he npr o ces stheTlill ER D AS/I M AGIN Eto m ake NDV Iim ages(figur e7)arid the first Prin cipal
Co mpon erltim age(Fig･ 8)
紺 OA A 7i D ∇7iT 抗 aSぜ 8 Y e yN心 r書きi ぞ 砲 S含 だh弓m a
㈹ ▲ ■ ■
Fig.7 N D V l im ageoy e rNo rtheast C hi仙
村 ¢鬼 Å P Cぜエ 葡TJl 題馬e J>甘t･ r h
'
⑳g tb r.歳Ste h ;皿 Lt
千
:a
Fig･8 NO AA PC #1 h喝 e O v erNo rthe且S暮C hiT)A
314 Ge o-spatial datapr o cesslngat d w eighting
Colle ct the m o nthly TT)Ca nte mperature, Pre C)Pitatio n a nd altitude data, aT]d input the m into the
c omptlter･ Tra nsfor m the polr)Ifile into is ograrns, then digitiz ethe isograrr) tJS】ng interpolatio n, a r)d
tra nsfor mthe v e ctor m apinto Tasterim age. The r es ultizlgge OgraPhic al digtalim ages of No rthe aste m Chin a
are m e ante mperattJr eim age of Jude(figu re9), rr)e arlpre cipitatio nim age of Ju n e(figu re10)aT]d ele v atio n
im age(figu rell).
In study are a･ whet) w e a naly2:ethe relatio n shipbetw e er] v egetatior - ndte mperature, pre ciptatio n
a nd elev atio n, w e c a rlle a n ed that: te mperatureis adriving fa ctor affectirlg the v egetatio ngro wth;
pr eclpitatio rl affe cts the vegetatio n gro wth c o ordin ated with te mperatu re;the influ e n c e o n v egetatio n
gr o wth缶o m ele v atio nis n ots o m e whatlessimporta nt tha nthat ofte mper atu re ar)d pre cIPitatioTl･
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Fig･9 Month lyzn e aTlteTnPe ratu rC OfJu r) a
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† - ･- --
l r h >- 一 ■ rn - U E L ゝ ' LA Afq IOl. JP ?.1 KP ,C 4S
Fig.10 MoTlthlyTr)C allpre c iptatio n of Jt)TIC Fig.ll D E N im age of No rthe astC hiTl a
Therefore, a c c o rdi叫gtO Al U, w e c a ndefinethe ass esslng m atrix a sfollo w s:
FI F2 F3
Fl(temperatu re)
F2(pre cipitatio n)
F3( ele v atio n)
1
1
2
1
3
2 3
1
1
3
2)･ 玉igen v altle(d)and eiBC n V e CtO r anda sse ssiJlg m atrix
d -[
3'0
:
536
-o･o268:･0･403 &. _ o. 268e_ .. . 3]
3)･the w eightofeach factor
by m e an s ofn o m lai migthe eigellV e CtOr,W e C a nget the w eightofe ach fa ctor:
OB257
a l
巴
a
2
ZZZ
a 3
=
0-S257＋0 5 201＋0 21 84
0 5 201
O B257＋05 201＋0.2184
0.2184
OB257＋05201＋0.2184
; 05 27
≒ 0.333
zzz0.140
No w
,
w eta ndefin etheintegratedle o-e n viro n m elltiTT]age aS
l
･
G(x,y) ら 05 27x T(x,y)＋0.33 × P(x,y)＋0ユ40× E(x ,y)
G(Ⅹ, y) 伊igllre12)then c ar)be tJSed as alliTldepe ndeJltge ogr aphicinfo r m atio n
"band” to c o mpo site
withre m ote s en singdata.
- 76-
もふ遥
Fig.12 Ge o･ e n yir oz)I 批 山一iJn Age
･講
Fig.13 Co mpositcim agegen et
'
ated by
GeoISpatiaJ data andrc n otcly s e nsed data
3.5IntcgmtioJ10rge O- Spatialdata wi dl r e m ote S et)S]tLgim age
Afterthe pro c ess ofpr oje ctio ntrarlSfo r m atio n a nd registratio n ofthe geo
ISPatial data andthe r e m ote
s er)slngI m age, W e u s ethege e
-e nviro n m entim age, the N D V I im age andthe PC# 1im age ofNOV A A- ÅV H
R Rasthre ebands a ndgeta c o mpositeim age(figure1 3)I
Totestthe c o ntributio n ofgo o-spatia) datato the n e w c o mpo siteim age, w e a nalyz ed the inforTTlatio n
capa city ofthis c o mpositeim age . The results ar e show ed ill Chart4, 5aJld6･
The charts sho wed that, a s a r e stJlt ofin co rpo rating ge o-spatial data into re m otely se n sed data, the
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dim en sio n ofthe origin alNOA A-A V H R Rdataincr eas esfro m4to 7･ Co mpar edthethr ee chart, we c a nals o
findthatthe clim ate data T(I, y)andthe pr ecipitatio n■dataP(Ⅹ, y)arehighly corr elated wi the ach NOA A
-
A V t Rspectral band, whilethis c orre)atior ”r e r elativ elysrnal1inthe c as e ofthe altitudedata E(Ⅹ･y)･
c hart4･Ⅰ血 rTn 8tioD C apa City a mlysesofo rlgin al N O AJl
- ÅⅥ 皿 R data afLertheaddito n ofaltitude data
Ba nd Co rr elation rn atrix
Prnclp】e
Co T叩 O n e7[l
EiEe n-
v alu e
Pe r c e nt 【)f
i】】ro r m 8titln
亡J)P8 City
c^t
･
L) m りl8ted
Pe r c e nt of
JnfD r P atio Tl
Capa city
N 1 1.00 0.73 0.4 2 0.71 0.75 0.14 1 2533 7 5 3% 75.3%
0 2 1.00 0.75 0.89 0.90 0.60 2 .8 13.1% 88.4%
A 3 1.00 0.82 0.81 0.40 3 41. 6.7% 95.1%
A 4
5
1.00 0.95 0.39 4‾
5
6
6
244.
0
9 1.2
.48.6
2 6.7
2.7%
1.4%
0.8%
97.8%
9 9.2%
10 %
1.00 0.35
E(x, y) 1.qO
chart5･ h forTr) atio n c apa cityaJlalys es of N O A A
-A Ⅵ 皿 R data afte rthe ad ditio T) Of altitt)de ar'dte mpe ratu re
Ba nd Corrclatio nM atrix
PrhclpIE[
Co mpo Tl eTll
EigEI n▼alu e Pl) r C O rlt且P
Df
i11f【〉r rn 8t i亡机
cEL P 8 Clt y
Ac c u m ulated
Pe r c e Tlt Or
lnfD r rn8tio r)
C81)ZI City
N 1 1.00 0.73 0.42 0.7 1 0.75 0.14 0.77 1 22 13.8 71.7% 71.7%
0 2 1.0 0 0.75 0.89 0.90 0.60 0,91 2 456.4 14.8 % 86.5%
A 3 1
.00 0.82 0.8I 0.40 0.7 8 3 2 29.2 7.4% 93.9%
A 4
5
1.00 0.95 0.39 0.82 4
5
6
7
9 2.1
4 9.4
36.5
8.6
3.0%
1.6%
1.2%
0.3%
96.9%
98.5%
99.7%
1()0%
1.00 0.35 0.75
E(x, γ) 1.00 0.46
I(x. y) 1.0 0
c h打t6. IT)fo Trr) atio n c apacityaJlalys es of N O AA-A V f n R data c o rpo rated withaltitt･de,terrlpe rattlr eaJldpre cipitatio ndata
波
段
CorrelatioIIMatrix
PrErK:EpIB
CD mPO T) e nt
Eiprl V allle Pe r c e rLt8ge Of
info rrnat ioT】
c apa city
^c c tJ n L[1Elted
Pe r e e r]t of
lElfo r d]8t io r】
Capa city
N
0
A
A
1
2
3
4
5
1.0 0.7 3 0.42 0.71 0.75 0.14 0.77 0.7 3 1
2
3
4
5
6
7
8
22 44.6
42 2.8
26 8.0
1 86.4
9 8.6
68.8
36
1 6
67.2%
1 2.7%
8.0%
5.6 %
3.0 %
2.1%
1.0 %
0.4%
67.2%
79.9 %
87.9%
9 3.5%
9 6.5%
98.6%
99.6%
10 0.%
1.0 0.75 0.89 0.9 0 0.60 0.91 0.8 7
1.0 0.82 0.81 0.40 0.78 0.7 2
1.0 0.9 5 0.39 0.82 0.84
1.0 0.35 0.75 0.87
E(4
y)
1.0 0.4 6 0 3 8
T(x,
y)
1.0 0.69
P(x,
y)
1.0
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3.6Supe r vis ed c]a ssiBc atio n
Giv e nthe similar spe ctralchar acterbetw e en m eado w a nd so m eforest, w e adopt the m ethodofBhary
Treeto divide the c o 汀IPO Site im age iJltO fo rest a nd n orl-fo rest, then perfo r m ed s upervised classific atio n
respe ctiv ely(Figure14, Figu re15). h practic e, w egetforest distributio n rr)ap of Northe asterTlfrom
= Res o u rce s ar)dEn vir o n m e ntDatabas e of Chin a” byG IStoperfo r mthedivisio n
Fro mthe classific atio n result, theintegratediTn age C aT]b¢ clas sified asbr o adJe afforest, rmied
rle edle afa ndbr o adle af fo rest
,
r) e edle af for est
, shrub, mis c ella n e o usfor est, poplar and bir ch, far mlaJld,
T n e adow, m arsh,grasslaJld, r e ed m arshes a nd laketw elv ekinds of land- c o v e rtypes(fig1 6)I Clas sific atio n
acc ur acyis78･72%forfor est and78,9% fo r JIOrL-fo rest. T he o v erall cct]ra cyis78.81%.
触 止d 仙 J q O ▼ q■ M 血 t 亡 仙■
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▲ 斗 ･ I ■■ - -
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4. Co n clt)sio n
1)･ T he spectral inforrn atio･1 Stru cture Ofre m ote se nsi7]g data c an be improv ed by m e an s of integrating
digitalgeographic data wjth re m ote s e DSILlg･ The irltegrated iJT) age refle cted not oJly the pr es ent
c o ndito n ofv egetatio nbutals oitsiT)te m alcatlSeS(ge ogr aphicfacto rs)I
2). The rn ethodo]og yof u sing rn ulti-te mporal reT')Ote S e nsingim ages, c o upled with digtalge ographic
im age irlteBrated in GISfor v egetation classific atio n pr o v ed to be feasible aLld better tha n the
c ozIY e ntio n al digtal classificatio n m ethodalo n e･ This appro a ch is effectiv efo rdiscri miT)atingJar)d- c o v e r
types which hav e similarity o n spe ctr al stru ctu rebut hav e r elativ ely m o rediffer cr)cein their
envlrO n nlel】t.
3)･ Altho ugh r err)ote se n siTlg a nd GIS aretw o relativ elyindepende nt techniqu es,they ar e r elated to e ach
otherbec a us e ofthe s a nle Sttldy objectiv e･ By m e aJIS Ofintegratingdiffere ntdataiT)G ISerIYiro n m eJlt,
ll Ot O nlythe a cc ura cy ofr e m ote s en sIT)gir)for m atio ninterpretatio n c a nbeimpro v ed, butre m ote s e nsing
c a n used as a data r es ollrC efo rGIS syste m a n alysis. h this s sr)se, this tw o techniqu es are m utual
assisted.
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